Introduction {#S0001}
============

The prevalence of primary cardiac tumors is estimated on 0.002--0.3% in autopsy series and 0.15% revealed on echocardiography \[[@CIT0001]\]. In clinical practice, the diagnosis of heart tumor continues to pose difficulties. This state of affairs results in both their epidemiology and nonspecific clinical presentation. The diagnosis is delayed, which is especially significant in malignant tumors. Benign tumors after radical excision, even those of great size, have a good prognosis. Cardiac neoplasms long remain asymptomatic or mildly symptomatic. As often, symptoms are highly unspecific \[[@CIT0002]\]. Clinical manifestation depends not only on the type of the tumor, but also on its size, location, mobility, and presence of a pedicle. This results in a varying degree of hemodynamic impairment and is followed by a diverse risk of complications, such as thromboembolism. Metastases to the heart occur more often than primary changes, from 20--40 up to 100 times more often, according to the source \[[@CIT0003], [@CIT0004]\]. Only 25% of primary cardiac tumors are malignant, of which 95% are sarcomas and the remaining 5% include lymphomas \[[@CIT0005]\]. The neoplastic process can spread multifocally or may create a single focus.

Primary cardiac sarcoma {#S0002}
=======================

Primary cardiac tumors can be divided according to the location within the heart wall into epicardial, myocardial, endocardial and those with mixed location, involving more than one layer. Sarcomas are malignant tumors, derived from mesenchymal tissue. For these tumors the prognosis is unfavorable and the diagnosis is always given at a significantly advanced stage of the proliferative process. Different types of sarcomas are the most common primary cardiac tumors. They are a rare entity in children and infants \[[@CIT0006]\]. These tumors tend to spread through blood, due to the specificity of immature blood vessels, extending in the neoplastic mass and devoid of endothelial lining. Cardiac sarcomas give metastases mainly to the lungs, but also to the lymph nodes, bones, liver and central nervous system (CNS) \[[@CIT0006]\]. Although irradiation is one of the confirmed factors promoting their development, radiation-induced lesions are statistically rare and they concern mainly angiosarcoma, malignant fibrous histiocytoma (MFH), leiomyosarcoma, osteosarcoma, and lymphosarcoma \[[@CIT0007]\]. Below we will try to cite the main characteristics of the most important cardiac sarcomas and provide a brief review of cases from the literature.

Angiosarcoma is by far the most common cardiac sarcoma, diagnosed in 25--40% of cases, mostly in men \[[@CIT0008]\], and observed mostly in the third and fifth decade of life \[[@CIT0009]\]. Ninety percent of them are situated in the right atrium \[[@CIT0008], [@CIT0009]\]. Clinically it presents right ventricular heart failure. In the majority of cases the pericardium is involved and pericardial effusion observed, mostly hematic \[[@CIT0010], [@CIT0011]\]. In the literature there are numerous reports of angiosarcoma clinical manifestations in the form of: pericarditis \[[@CIT0009], [@CIT0012], [@CIT0013]\], valvular dysfunction \[[@CIT0014], [@CIT0015]\], coronary artery disease \[[@CIT0013]\], tamponade \[[@CIT0016]--[@CIT0018]\], cardiomyopathy, and even heart rupture (7 cases) \[[@CIT0019]\]. Angiosarcoma can imitate pulmonary embolism \[[@CIT0015]\] or a myxoma \[[@CIT0020]\] and even grow within the interventricular septum \[[@CIT0021]\]. That does not affect the therapeutic course, which is surgical anyway. However, it significantly changes the prognosis and postoperative treatment and should lead to more accurate diagnosis of such patients. The suspicion of a sarcoma should undoubtedly speed up the operation. As a low differentiated neoplasm with high malignancy, angiosarcoma can have an urgent course with rapidly increasing pericardial effusion, requiring even drainage \[[@CIT0022]\] and a drastically increasing tumor mass with metastasis to the lungs, liver and to the brain \[[@CIT0023]\]. A Liombart-Cussac *et al*. noted that in angiosarcomas median time to progression is shorter (average 4 months) than in other types of sarcomas (13 months) \[[@CIT0024]\]. Survival after establishing the diagnosis does not exceed 1 year \[[@CIT0004]\]. Refraining from the surgical procedure and initiating only conservative therapy, chemotherapy or radiotherapy, ensures only 9 to 12 months survival \[[@CIT0023]\]. Histologically, angiosarcoma is composed of atypical endothelial cells, forming numerous irregular vascular spaces, which in fact can be visualized during cardiac ultrasound with color Doppler. Morphologically the tumor appears mostly as a heterogeneous mass with hemorrhagic and necrotic foci, widely invading the surrounding tissues.

Rhabdomyosarcoma (RMS) is derived from the myocardium. It is considered to be the most frequent primary cardiac tumor in children and the second most common in adults \[[@CIT0025], [@CIT0026]\]. It makes up 20% of primary malignant cardiac tumors. In some publications the authors suggest low differentiated sarcomas as the commonest and mention angiosarcoma and leiomyosarcoma in the second place \[[@CIT0004]\]. High malignancy and especially delayed clinical manifestation result in 6-month survival after the diagnosis \[[@CIT0027]\]. The first symptoms are associated with occupying cardiac cavities and invading the pericardium. At this point metastases are usually already present and they affect the lungs, local lymph nodes, mediastinum and the bones of the spine \[[@CIT0028]\]. Although this sarcoma is not restricted to any cardiac cavity \[[@CIT0008]\], some authors claim that it involves more often the ventricular muscle. Myocardial tumors occur typically within the free wall of the left ventricle or the interventricular septum \[[@CIT0029]\]. Only occasionally they are located in the atria, resulting in stenosis \[[@CIT0030]\]. Analogically to angiosarcoma, they are nearly one and a half times more often observed in men. There are two forms of rhabdomyosarcoma: embryonal and pleomorphic adult type. Sometimes the alveolar type is mentioned as the third. Multifocality and predilection to valvular structures are specific features of this sarcoma. There are publications about the role of immunohistochemical reactions with Carp protein and its homolog Arpp in the diagnostic process and rhabdomyosarcoma\'s differentiation. In RMS cells high expression of both was noted, which allows it to be clearly distinguished from other sarcomas \[[@CIT0031]\]. The case of a 51-year-old man misdiagnosed as a fibromyxoma, with extensive infiltration of nearby structures and numerous metastases to the lungs in the 3^rd^ month after surgery, demonstrates the role of immunochemistry in the histopathological examination \[[@CIT0028]\]. In the literature there was described synchronous co-existence of hypereosinophilia and rhabdomyosarcoma. It is related to spread of the disease and worse prognosis. Production of cytokines by the tumor cells and their myeloproliferative action seem to be the main cause \[[@CIT0032], [@CIT0033]\]. Additionally, in the course of hypereosinophilic syndrome (HES) secondary myocardial lesions develop and can occur as heart failure, valvular dysfunction, endocarditis or restrictive cardiomyopathy \[[@CIT0034]\]. It evokes the image of a vicious circle. These patients are at increased risk of thromboembolic events. Curiously, one of the basic medications in hypereosinophilic syndrome is the tyrosine kinase inhibitor imatinib, widely used in sarcoma treatment. The molecular basis of HES is connected with translocation within the genes of the protein group PDGFR, which are located in chromosomes 4, 7, 11, 22. So far only a link between leiomyosarcoma and 5q and 13q pathology has been proved. Studies revealed 19q aberration for progressing MFH. The participation of changes in GTP-ases such as HRAS (chromosome 11), KRAS (chromosome 12) and RB1 (chromosome 13) in sarcoma pathology was found \[[@CIT0035]\]. Currently, the molecular diagnosis of a sarcoma is possible in approximately 50% of cases.

Leiomyosarcoma is a sarcoma of smooth muscle fibers, which in terms of location can be divided into deep soft tissue sarcomas, skin and subcutaneous tissue sarcomas, those originating from the vascular system and bone sarcomas often singled out separately due to their extremely rare occurrence. Those with vascular etiology are generally situated in the venous system and only exceptionally concern great vessels. If so, the vena cava inferior is involved most frequently. In the arterial system it invades the pulmonary arteries. This difference in predilection to particular vessels is connected with the anatomical structure of its wall and resistance to high pressure. Large veins are composed of a greater amount of smooth muscles. In the arterial system high pressure results in the dedifferentiation to cells producing fibrous elements such as collagen and elastin \[[@CIT0036]\]. The above states permit the initiation of the neoplastic process. So far, only 400 cases of great vessel leiomyosarcomas have been reported. They concerned the vena cava inferior, pulmonary arteries and the thoracic aorta \[[@CIT0036]\]. They originate from the multipotential mesenchymal cells of the internal vascular wall. Localization of the tumor in the great vessels promotes a direct way of spreading to the heart. In contrast, when situated initially in the cardiac cavities, they cause oppression or impedance of blood flow in these vessels. According to Vaello *et al*. the vena cava superior syndrome may be the first sign of the presence of an intracardiac mass \[[@CIT0037]\]. Frequently, it is problematic to determine the initial tumor etiology -- cardiac or vascular -- especially as pulmonary vein infiltration is part of atrial leiomyosarcoma characteristics. Cardiac leiomyosarcoma can begin in the vascular system supplying the heart muscle or in the endothelium lining the cardiac atria or originating from smooth muscles, which normally create bundles in the subendocardial layer of the left atrial wall. It makes clear its preferential location inside the heart. A specific group of leiomyosarcoma, typical for immunocompetent patients, is also known. Leiomyosarcomas represent only 5--10% of all types of sarcomas \[[@CIT0038]\]. They are found more often in women \[[@CIT0039]\]. In the heart they are rare, with prevalence of 8--9% and less than 0.25% of all primary cardiac tumors. Hattori mentions only 38 cases of primary cardiac leiomyosarcomas \[[@CIT0039]\]. In half of cases they are situated in the left atrium \[[@CIT0036]\], resulting in frequent diagnostic confusion with the most common primary cardiac tumor, myxoma. Additionally, the differentiation is complicated by a myxomatous echocardiographic image. The presence of a pedicle and connection with the interatrial septum, typical for myxomas, as the lack of mobility indicating the malignancy, are insufficient criteria \[[@CIT0040], [@CIT0041]\]. However, intraoperative evaluation of the structure according to its coherence, tendency to defragmentation or infiltration of the base should raise some suspicions and lead to intraoperative frozen examination. Pericardial effusion as a sign of malignancy can be absent due to adhesion of the plaques \[[@CIT0036]\].

Histopathological differentiation may not give a clear answer and may even be faulty due to the microscopic image resembling a myxoma. The presence of abundant, myxomatous stroma may suggest a myxoma. With tumor progression, the histopathological picture with enlarging cellularity, mitotic activity and fields of dedifferentiation to osteo- or chondrosarcoma begins to be pathognomonic for malignancy \[[@CIT0036], [@CIT0042]\]. The diagnosis is confirmed by positive immunohistochemical reactions with SMA, desmin and vimentin, and, if there are other doubts, electron microscopy. Immunochemistry is decisive also in the troublesome differentiation with fibromyxosarcoma. "Lepidic cells", low differentiated, multipotential, mesenchymal cells, which tend to form primitive vessels, are also typical for myxoma \[[@CIT0042]\]. The external stratum, enclosing the abundant myxomatous ground, is also a characteristic part of the microscopic presentation. The median survival for leiomyosarcoma after surgical intervention with continuation of radio- or chemotherapy is estimated at approximately 7 months \[[@CIT0043]\]. Vessel invasion and necrosis are among the especially useful prognostic criteria \[[@CIT0044]\] ([Figure 1](#F0001){ref-type="fig"}).

![Leiomyosarcoma -- microscopic image presenting abundant, myxomatous stroma with high level of cellularity and fields of dedifferentiation. Pathomorphology Department, Medical University in Lodz](AMS-10-22292-g001){#F0001}

Fibrosarcoma and fibroblastic sarcoma are the names used in the literature for a sarcoma derived from fibroblasts. There is also known a subtype -- myxoid fibrosarcoma, fibromyxosarcoma or myxofibrosarcoma -- comprising 10% of all fibrosarcomas \[[@CIT0045]\]. Fibrosarcoma is diagnosed in 11% of cases of cardiac malignant tumors \[[@CIT0046]\]. According to the pathomorphological classification there can be listed a few types of fibrosarcomas with different levels of malignancy (WHO\'s STS classification from 2002):Myxoinflammatory fibroblastic sarcoma,Infantile fibrosarcoma, both mild malignant, rarely metastasizing.

However, as malignant tumors there are classified:Adult fibrosarcoma,Myxofibrosarcoma, known in the past as a myxoid type of MFH,Low-grade fibromyxoid sarcoma and hyalinizing spindle cell tumor, which are closely related tumors with the same molecular pathomechanism (gene fusion FUS/CREB3L2), differentiating only in the morphological picture -- the presence of collagenous rosettes in hyalinizing tumor,Sclerosing epithelioid fibrosarcoma -- histopathologically a benign tumor, clinically with high potential for infiltration and metastasis \[[@CIT0047]\].

The last three types are grouped as fibrosing fibrosarcomas.

The tumor\'s histopathological appearance depends on the grade: low with well-differentiated cells or mild and high with bad resemblance to the parent tissue. Microscopically, there are displayed immature fibroblasts and atypical spindle cells, a variable amount of collagenous fibers, and variable mitotic activity ([Figure 2](#F0002){ref-type="fig"}).

![Fibrosarcoma -- immature fibroblasts and atypical spindle cells, a variable amount of collagenous fibers, and variable mitotic activity. Pathomorphology Department, Medical University in Lodz](AMS-10-22292-g002){#F0002}

As lower differentiated sarcoma, and thus pleomorphism, mitotic and cell atypia, including multinuclearity, presence of huge cells or fields of necrosis and stroma reduction instead of high cellularity are more emphasized. The most characteristic histopathological feature is 'herringbone' or 'resembling fish bone' composition of its structures. The clinical presentation of this sarcoma is the same as in other cardiac tumors. Lim *et al*. presented the case of a 43-year-old man with a huge tumor, enclosing almost the entire heart and large vessels. The patient was admitted to the clinic with acute heart failure. It not only shows the invasiveness but also proves the asymptomatic nature of the cardiac tumor at the early stages of development \[[@CIT0048]\]. This case is also an example of pericardial location of a primary cardiac tumor. However, that kind of localization is a typical feature of metastases \[[@CIT0021]\]. It is worth mentioning that fibrosarcoma as a sarcoma originating from the fibrous tissue provides an excellent base for the creation of a thrombus, which can overrate the actual mass of the tumor. Fibrosarcoma and the above-described leiomyosarcoma are most commonly observed for gradual histopathological progression in subsequent recurrences and are based on slow loss of the neoplastic tissue differentiation \[[@CIT0049]\]. Fibrosarcoma is more often a component of other sarcomas, accounting for only 1--3% of all adult sarcomas \[[@CIT0050], [@CIT0051]\]. Most frequently it gives metastases to the bones, mainly the spine, and to the lungs \[[@CIT0050]\]. It has a tendency to nodular growth. It may appear as a result of radiation or occur in the vicinity of a foreign body. In the literature there is a description of a malignant transformation of an inflammatory myofibroblastic tumor (IMT) called an inflammatory pseudotumour into an inflammatory fibrosarcoma, which grew around an implanted dual chamber pacemaker \[[@CIT0052]\]. The low-grade myxomatous fibrosarcoma subtype tends to give recurrences as well as local metastases. It requires an extensive excision with a wide healthy tissue margin. High-grade sarcomas give metastases generally to the lymph nodes, lungs, bones or the brain \[[@CIT0053]\]. Fibrosarcomas rarely involve the lymph nodes. Myxofibrosarcoma was suggested to be a variety of MFH. Ultrastructural examination confirmed its fibroblastic etiology. In the literature there are only 7 cardiac myxofibrosarcoma cases reported, including 4 in the left atrium \[[@CIT0053]\].

Osteosarcoma and above-mentioned fibrosarcoma are the rarest of cardiac sarcomas. There have been only a few cases of primary cardiac osteosarcomas recorded \[[@CIT0054]\]. Additionally, it is the most common bone malignant tumor. Extraosseous localization and occurrence in the elderly are more typical for its variants than for the classical type. Osteosarcoma is classified as an osteoblastic, chondroblastic or fibroblastic variant, as well as the MFH-like, telangiectatic, epithelioid, giant-cell rich, high-grade central type \[[@CIT0055]\]. Primary cardiac osteosarcomas make up only 3--9% of all heart sarcomas \[[@CIT0056]\]. By 2007 there were only 37 cases of them described in the literature \[[@CIT0046]\]. The majority of cases clinically were connected with acute heart failure, preceded by a few months case history of nonspecific symptoms such as dyspnea, weakness, and poor exertion tolerance. This sarcoma type occurs preferentially in the left atrium \[[@CIT0057]\] and is frequently mistaken for myxoma. The secondary lesions affect mainly the right heart \[[@CIT0058]\]. Cardiac osteosarcoma metastasizes infrequently to the regional lymph nodes. In 1984 Schneiderman *et al*. reported a 77-year-old male with an osteosarcoma extending over the right and anterior part of the heart, apex and the great vessels. The tumor\'s removal appeared to be impossible due to the extent of the neoplastic invasion and significant tissue calcification, which led to constrictio cordis. Most of the right ventricle myocardium was damaged by the neoplastic process. The autopsy revealed extensive coronary microvascular invasion and metastases in the lymph nodes \[[@CIT0059]\]. It is another example of extracardiac localization of a primary lesion. The presence of calcified tissue creates a characteristic image of hyperechogenic areas, visualized by both computed tomography (CT) and echocardiography. Bone scintigraphy is used in order to determine the primary focus or monitor disease progression. The pathomorphological image displays atypical cells with numerous abnormal mitoses. The stroma is rich in countless irregularly arranged osteoid islets with variable calcification and containing clusters of anaplastic sarcoma cells. Islets of cartilaginous tissue can be seen. Characteristic blood vessels without endothelial layer are also common.

Malignant fibrous histiocytoma is an acronym identifying malignant fibrohistiocytoma. Although it appears officially in the WHO\'s classification as originating from fibrous tissue, MFH is assumed to be a pleomorphic, high-grade sarcoma with still unknown etiology and pathogenesis. It is the most common sarcoma of adults, but the rarest cardiac sarcoma. Initially, the names pleomorphic fibrosarcoma and myofibrosarcoma were used for it. In 1967 the current name was officially approved, before "facultative fibroblasts" had been wrongly claimed to originate from histiocytes \[[@CIT0050], [@CIT0060]\]. Since then there have been reported many more MFH cases, although many of them were just misdiagnosed pleomorphic sarcomas of other lines. This continued until the ultrastructural and immunohistochemical examination allowed the accuracy of these assessments to be verified. More recent studies applying hybridization have included the presence of multiple genetic aberrations in MFH, which are specific to dedifferentiated liposarcomas or leiomyosarcomas, suggesting unreliability of MFH as a distinct clinical entity \[[@CIT0061]\]. This led to a theory that MFH is a common pattern of histopathological progression for many lines of poorly differentiated sarcomas \[[@CIT0062]\]. Fletcher *et al*. selected the primary cellular line, typical for other sarcomas in 84% of 100 cases originally diagnosed as MFH \[[@CIT0063]\]. However, they highlighted the clinical significance of MFH. Pleomorphic sarcomas with signs of myogenic differentiation were connected with worse prognosis. Those cases had shorter survival due to greater tendency to metastasis and local recurrence \[[@CIT0063]\]. Currently, the frequency of malignant fibrohistiocytoma is evaluated at 5% \[[@CIT0062]\]. Confusion about issues of the pathogenesis and etiology as well as MFH diagnostics explains the particular contradictory findings. The pathomorphological picture of MFH abounds in myxomatous fields, which can result in misdiagnosing myxoma instead \[[@CIT0064]\]. Especially, MFH also occurs preferentially in the left atrium \[[@CIT0065]\].

The WHO\'s classification maintains the false histiocytic origin:Pleomorphic MFH,Gigantocellular MFH,Inflammatory MFH.

The former angiogenic subtype was included in tumors of uncertain differentiation.

Most of the extensive analyses of fibrohistiocytoma prognostic factors are based on extracardiac tumors. Ahlén *et al*. \[[@CIT0066]\] examined the immunohistochemical parameters in 65 primary MFH of low diversity. A significant correlation between tumor diameter of more than 8 cm and high expression of Bcl-2 protein with formation of metastasis and recurrence was established. The mitotic activity affected the length of remission. However, the distinction between 3^rd^ and 4^th^ degree of malignancy was proved to be clinically insignificant. Surprisingly, the presence of necrosis within the tumor did not influence the clinical effects. Gibbs *et al*. \[[@CIT0067]\] confirmed the predictive value of grading, tumor size and the presence of metastases at the moment of diagnosis. Ten-year survival was recorded for 90% of patients with low grade sarcomas, 60% with intermediate and 20% with high grade. If the size of the tumor was \< 5 cm the overall survival was approximately 4 times higher than for patients with tumor ≥ 5 cm. Initially, there were distant metastases diagnosed only in 5% of patients. None of these patients lived longer than 90 months. Molecular analysis helped to determine the presence of aberrations within the 19q13 *locus*, which promoted the creation of more frequent recurrences and metastases in patients with MFH \[[@CIT0068]\]. Unlike most cancers, neoplastic angiogenesis does not play a role in metastasis of fibrohistiocytoma \[[@CIT0069]\]. The presence of a ring and dicentric chromosome is relatively frequently observed. Progression of chromosome lesions is characteristic for local recurrence \[[@CIT0065]\]. Fibrohistiocytoma often presents the paraneoplastic inflammatory syndrome, which is a bad prognostic sign \[[@CIT0070]\]. For soft tissue sarcomas a positive correlation between serum concentration of IL-6 and IL-8 and the level of histological tumor malignancy was found. Simultaneously, decreased overall survival was observed \[[@CIT0071]\]. Recchia *et al*. \[[@CIT0072]\] reported a case of metastatic cardiac MFH treated with aggressive chemotherapy, followed by autologous peripheral blood cell transplantation and immunotherapy. Immunotherapy with IL-2 and 13-cis retinoic acid (RA) was initiated in stable disease and continued for 3 years. Complete response in magnetic resonance imaging (MRI) was achieved. The patient was asymptomatic. Eventually he died of ventricular arrhythmia. A histological diagnosis of MFH is placed on the exclusion of other pleomorphic, poorly differentiated sarcoma lines and cancers or melanoma metastases. The results of immunohistochemical studies have fundamental importance. Malignant fibrous histiocytoma usually shows a positive reaction to vimentin, but other markers are mostly negative \[[@CIT0062]\]. Ultrastructural analysis can provide conclusive data. Fibrohistiocytoma is resistant to both conventional radio- and chemotherapy \[[@CIT0073]\]. In turn, the experience of other centers confirmed the beneficial effect of radiotherapy in reducing the risk of local recurrence \[[@CIT0074]\]. Ten-year observation of the Rizzoli Orthopedic Institute also showed the satisfactory effect of neoadjuvant chemotherapy \[[@CIT0075]\]. These data are based on extracardiac tumors. Malignant fibrous histiocytoma case studies should be considered with appropriate caution because of the alterations in the nosology of this sarcoma. However, we cannot quite agree with some authors \[[@CIT0062]\] that this is the cause of such varied patient responses to therapy and the tendency to recurrence and metastases. The fact is that most pleomorphic sarcomas regardless of histological type of differentiation (excluding the general division of myogenic and non-myogenic) have a poor response to adjuvant therapy. The overall survival is not significantly improved, in spite of good response observed in examinations. Rather, molecular alterations in individual cases of MFH seem to be responsible. By 2002, there were only 42 cases of patients with primary cardiac MFH, of whom the youngest patient was 16 years old \[[@CIT0076]\].

Secondary cardiac sarcomas {#S0003}
==========================

Metastases to the heart can be formed either directly by infiltration from the surrounding structures or indirectly through the blood and lymph. Depending on that, they occupy intracardiac cavities or are localized on the cardiac external faces, causing heart failure or low output syndrome. Pericardium is most commonly involved within the course of metastases to the heart \[[@CIT0077]\]. Secondary lesions, like primary ones, may invade each of the cardiac wall layers and give a similar clinical presentation, in particular, pericardial effusion as a result of coronary microvasculature damage due to direct infiltration, secondary released proinflammatory or damaging substances and neoplastic microembolism \[[@CIT0055]\]. Neoplastic spread within the myocardium or epicardium occurs almost exclusively backwards by the lymphatic system, after earlier invasion of the pericardium \[[@CIT0055]\]. Metastases via blood circulation first affect the endocardium. Secondary lesions in the heart usually appear in an advanced stage of an extracardiac primary tumor \[[@CIT0078]\]. Maheshwari *et al*. presented the case of a 29-year-old man with an isolated metastasis to the heart of an undifferentiated sarcoma of the lower limb \[[@CIT0079]\]. According to an autopsy series, there is significant incidence of secondary cardiac tumors in the absence of a clinical manifestation \[[@CIT0077]\]. Certainly, their asymptomatic nature depends partially on their pericardial location. Their prevalence is estimated at 2.3% to 18.3% \[[@CIT0055]\], and even 25% according to some authors \[[@CIT0080]\]. In the Hallahan study almost half of the 120 patients with soft tissue sarcomas presented cardiac metastases \[[@CIT0081]\]. Diagnosis is further complicated by the primary malignant process, masking the symptoms from the circulatory system, non-specific anyway. The usual right-side localization of sarcoma metastases \[[@CIT0082]\] is a result of the lower pressure, less systolic strength and slower blood flow through the right heart \[[@CIT0055]\]. Spreading through blood, metastases preferentially invade the endocardium, from where they can infiltrate the myocardium and grow exophytically into the heart chambers, usually without reaching significant proportions. Coller *et al*. reported the case of a large fibrosarcoma metastasis, impeding the left ventricular outflow. It occurred 9 years after surgical excision of the primary lesion in the left wrist \[[@CIT0077]\]. The ability to give rise to metastases even after such a long asymptomatic period is a typical feature of sarcomas. It should be recalled that the term metastasis to the heart includes the neoplastic involvement of large vessels, entering or leaving the heart, and an intracardiac thrombus, formed by an extracardiac neoplastic process, and being part of the paraneoplastic syndrome \[[@CIT0055]\]. At the time of the disease dissemination a serious problem of tumor embolism is likely to develop. It not only leads to peripheral vascular obstruction, but also alters pressure and hemodynamic relationships, resulting in the change of the lymph flow direction within the complex intracardiac lymphatic system and affecting the intracardiac spread of micrometastases \[[@CIT0055]\]. In the literature there are descriptions of heart involvement through direct intravascular infiltration from an extracardiac sarcoma. Kelle *et al*. reported the case of a 72-year-old female with a fibrosarcoma of the liver right lobe, which extensively infiltrated the inferior vena cava and then spread to the right atrium and tricuspid valve \[[@CIT0083]\]. Another example is the case of a 23-year-old woman with an osteosarcoma, which arose through the left femoral vein via the external iliac vein, common iliac vein, the vena cava inferior and reached the right atrium stretching up to the right ventricle. The primary origin was located in the sacrum, from where it spread to the spine and pelvis \[[@CIT0055]\]. Metastases to the heart are now more frequently recognized, and this is due to improved diagnostic methods and prolonged survival of patients with malignancies. On the other hand, many of them remain undetected because of restrictions on carried out post-mortem examinations.

Imaging methods {#S0004}
===============

Transthoracic echocardiography is a widely available screening examination and remains the basic test for cardiac tumors. Extended analysis requires transesophageal echocardiography, particularly useful for visualization of changes within the left atrium, small tumor or infiltration beyond the pericardium \[[@CIT0006]\]. Magnetic resonance imaging is also used in the diagnosis and assessment of cancer foci or metastases, establishing the tumor\'s malignancy and distinguishing the tumor from a thrombus. It gives far greater opportunities, incomparably better visualization of pathological structures and is more sensitive than echocardiography \[[@CIT0001]\]. The only limitation seems to be the cost and availability. The role of CT in obtaining complete characterization of the cardiac tumor is also indisputable. The greater part of this study is to illustrate the accompanying changes in the large vessels, pericardium, pericardial sac or distant lesions and alterations in the nodes. Some authors suggest the superiority of MR and CT imaging methods in the preoperative tumor assessment to the generally used echocardiography, which should be applied in the initial diagnosis and patient monitoring. Exarhos *et al*. delineated and diagnosed correctly 100% of cardiac masses, using CT, MR and PET-CT \[[@CIT0084]\].

Diagnosis {#S0005}
=========

A non-specific, and even misleading clinical picture significantly impedes the diagnosis of cardiac sarcoma. As it turns out, even direct biopsies of tumors within the heart and histopathological examination of a taken tissue fragment may be insufficient to establish the correct diagnosis. Japanese researchers described the case of a 50-year-old male patient who was originally diagnosed in this way as an organized thrombus in the right atrium. Metastases to the vicinity of the third rib and the biopsy revealed angiosarcoma \[[@CIT0085]\]. Interestingly, the diagnosis of this tumor is most frequently given on the basis of histopathological assessment of a tissue fragment from the metastasis.

Treatment {#S0006}
=========

Cardiac tumors, whether primary or metastatic, are treated surgically. Open-heart surgery through the median sternotomy access is performed with cardiopulmonary bypass and involves excision of the change together with a fragment of the wall from which the tumor originated. The stage of tumor growth frequently makes radical excision impossible. These are often operations significantly damaging the myocardium. Reconstruction of the heart wall using porcine pericardium or synthetic Dacron patches is needed. The problem to remove sarcoma infiltrating the myocardium is connected with the absence of appropriate material that can be employed to supplement the loss \[[@CIT0086]\]. In the case of anatomic barriers in the resection of the tumor mass, operations of *ex vivo* removal and autologous transplantation of the heart are conducted. In the authors' opinion, the therapeutic outcome for sarcomas depends on the R0 resection. So in reasonable cases the mentioned method should be applied. Even the right heart can be resected almost completely and reconstructed using Fontan circulation \[[@CIT0087]\]. In the literature, there is also a case of total resection of the left atrium and its orthotopic allograft transplantation due to leiomyosarcoma \[[@CIT0088]\]. On the other hand, the analysis undertaken by Vitovskiĭ showed that breadth of the operation has no significant effect on the clinical status of patients in the immediate period after surgery \[[@CIT0089]\]. In fact, it is difficult to make an objective assessment of the resection as a prognostic factor, since the majority of sarcomas are diagnosed at a significantly advanced stage, often with distant metastases. When the valvular structure is altered by the neoplastic process, usually implantation of a prosthetic valve or bioprosthesis is required. Currently, many centers employ the endoscopic method to remove tumors from the left atrium, obtaining good results. These operations are usually not preceded by a biopsy of the tumor and histological assessment of its malignancy. In most cases, postoperatively a myxoma is confirmed \[[@CIT0090]\]. This method was also applied to a left ventricular fibroelastoma \[[@CIT0091]\] and for a synovial sarcoma of the left atrium with intraoperative microscopic tumor assessment, including radicalness of the resection \[[@CIT0092]\]. The incidence of recurrences after removing the tumor is relevant. However, radical surgery is the primary prognostic factor \[[@CIT0093]\]. In some publications, there is emphasis on the problem of local recurrence after tumor excision, in spite of carrying out radical surgery \[[@CIT0024], [@CIT0094]\].

Matsumoto *et al*. \[[@CIT0094]\] estimated it even at 12.3% of cases. On the other hand, many researchers emphasize the superiority of combination therapy, which helps one to achieve up to twice as long survival (median survival was 24 months compared to 10 months). But it could be achieved only in patients with primary radical resection \[[@CIT0095]\]. Shanmugam drew attention to an important aspect of supplying the bleeding during cardiac sarcoma resection and subsequent recovery of blood from the heart-lung device, which entails the possibility of spreading the tumor \[[@CIT0096]\]. In the further course of treatment the patient is subjected to adjuvant treatment, chemo- and/or radiotherapy, depending on the diagnosis established by histopathology, and clinical status. Documentary data show good local management of recurrences or residual disease obtained with the assistance of radiotherapy in many cases. The main restriction is the cardiotoxic dose (about 6500 cGy) which should be applied for curative purpose. Hyperfractionated radiotherapy and use of radiosensitizers may avoid side effects (a dose of 4000 cGy results in pericarditis in 40% of patients) \[[@CIT0097]\]. There were four regimens for soft tissue sarcoma treatment: CAD (cyclophosphamide, Adriamycin/doxorubicin, dacarbazine), AD (Adriamycin), CYVADIC (cyclophosphamide, vincristine, doxorubicin, dacarbazine), and VAC (vincristine, doxorubicin, cyclophosphamide). Some remain as those of significant clinical input. Others, like CYVADIC, can be applied in a clinical situation when a standard regimen cannot be used. According to current data, anthracycline based chemotherapy (Adriamycin/doxorubicin + ifosfamide) is recommended \[[@CIT0098]\]. In the case of anthracycline resistance, sorafenib or trabectedin can be used in soft tissue sarcomas (STS). However, sorafenib gives only a 6-month progression-free rate of about 20% of patients with angiosarcoma \[[@CIT0099]\]. The second regimen is gemcitabine with docetaxel (or paclitaxel). In the literature there is a case of an angiosarcoma treated with docetaxel and radiotherapy reported. The patient was disease-free after a year of follow-up \[[@CIT0100]\]. Bakaeen *et al*. \[[@CIT0101]\] proved the role of multimodal treatment. In their study 12 patients out of 27 were alive (median follow-up 22 months) after surgery accompanied by pre- or postoperative chemotherapy. Postsurgical continuation of treatment for recurrences with radiotherapy allowed median survival of 47 months to be achieved (but only in 7 patients). Sala *et al*. \[[@CIT0102]\] investigated participation of neoadjuvant therapy in locally advanced STS. The authors achieved overall survival of 83.6 months and disease-free survival of 78.29 months. Angiosarcoma reacts badly to the chemicals, while the results of treatment of rhabdomyosarcoma in children are satisfactory. Response to chemotherapy or radiotherapy of all advanced sarcomas is unfavorable. The median survival ranges from 7 to 12 months. The increase in overall survival is not significantly high \[[@CIT0103]\]. Oechsle *et al*. \[[@CIT0104]\] observed some response (partial in 1 patient and stable disease in 3) after applying palliative chemotherapy in 7 patients with cardiac sarcomas. Mayer *et al*. \[[@CIT0105]\] reported median survival of 17 months in patients with heart and great vessel sarcomas. Treatment involved, besides surgery, adjuvant/neoadjuvant, palliative chemotherapy and irradiation of brain metastases and primary lesion (1 case). Curiously, the authors achieved one complete remission after palliative chemotherapy lasting \> 10 years. An additional limitation in the use of adjuvant therapy is the potential cardiotoxicity. This applies to both radiotherapy and chemotherapy, based primarily on anthracyclines \[[@CIT0106]\]. The modern approach to treatment of a sarcoma is focused on the use of molecular pathomechanisms of their development and application of the targeted therapy. It involves anti-angiogenic drugs, which can inhibit the variable quantity of angiogenic proteins (bevacizumab targets VEGF and sunitinib or sorafenib are multi-targeted tyrosine kinase inhibitors) \[[@CIT0098]\]. In the case of tumors with vascular etiology such as angiosarcoma, the potential benefits of treatment with anti-angiogenic substances -- bevacizumab, sunitinib, sorafenib -- seem to be most obvious. The current study revealed an *in vivo* decrease in the microvessel density and tumor volume (reduction to 48%) in MFH \[[@CIT0107]\]. There are studies of the use of mTOR or IGFR1R inhibitors in rhabdomyosarcoma treatment \[[@CIT0108]\]. However, mTOR inhibitors also cause an anti-angiogenic effect due to lowering the VEGF level. As a result they can provide benefits in patients with angiosarcoma. To our knowledge, there is no study evaluating the role of mTOR inhibitors in cardiac sarcomas. However, there was a study designed to assess ridaforolimus in patients with sarcomas, all types. The second phase, completed recently, revealed an overall clinical benefit response rate of 29%. The overall survival (OS) of these patients was 67.6 weeks in comparison to the median OS of 40.1 weeks for the entire study population \[[@CIT0109]\]. In the literature there are mentioned attempts of imatinib usage in adjuvant therapy, although it is not officially registered as a drug for cardiac sarcoma therapy. In the presented case, despite the use of imatinib, recurrence appeared within 5 weeks \[[@CIT0053]\]. The main limitation is, however, the potential cardiotoxicity of imatinib or bevacizumab \[[@CIT0110]\]. Recent studies draw attention to the simultaneous effects of targeted therapy for cardiac transmission mechanisms and the consequent impairment of growth and apoptosis of these cells \[[@CIT0111]\]. It should be said that anti-angiogenic therapy is preferred in slow-growing tumors and anti-mitotic in rapidly-growing ones, although there is a tendency to combine cytotoxic chemotherapy with targeted therapy, especially in rapidly-growing, endothelial derived angiosarcomas \[[@CIT0098]\]. Tumors not qualified for resection may also be an indication for heart transplantation, although survival of these patients does not favor such a solution \[[@CIT0086], [@CIT0112]\] ([Table I](#T0001){ref-type="table"}). It is suggested that there is a relationship between relapse after transplantation with the applied immunosuppression. However, there was described a case of long-term survival after orthotopic heart transplantation because of the original rhabdomyosarcoma \[[@CIT0113]\].

###### 

Clinical staging according to AJCC/UICC (1997)

  -------------------------------------------------------------------------------------- ---------------------------------------------------- ------------- ---- ----
  **Prognostic categories**                                                                                                                                      
  T -- tumor size                                                                        Location of the tumor                                                   
  T1 ≤ 5 cm, T2 \> 5 cm                                                                  A -- superficial, B -- deep                                             
  N -- local lymph nodes                                                                 N0 -- lack of metastases, N1 -- metastases present                      
  M -- metastases to distant organs                                                      M0 -- lack of metastases, M1 -- metastases present                      
  G -- histological grade                                                                G1--2 low, G3--4 high                                                   
  **The advanced stages**                                                                                                                                        
  Stage                                                                                  G                                                    T             N    M
  I                                                                                      G1--2                                                T1A--1B, 2A   N0   M0
  II                                                                                     G1--2                                                T2B           N0   M0
  G3--4                                                                                  T1A--1B, 2A                                          N0            M0   
  III                                                                                    G3--4                                                T2B           N0   M0
  IV                                                                                     G1--4                                                Each T        N1   M0
  G1--4                                                                                  Each T                                               Each N        M1   
  **Discussion**                                                                                                                                                 
  I -- Low malignancy, MTM \< 5 cm (superficial and deep) and \> 5 cm (superficial)                                                                              
  II -- Low malignancy, MTM \> 5 cm (deep) or                                                                                                                    
  -- high malignancy, MTM \< 5 cm (superficial and deep) and MTM \> 5 cm (superficial)                                                                           
  III -- High malignancy, MTM \> 5 cm (deep)                                                                                                                     
  IV -- Metastases (N1 or M1)                                                                                                                                    
  -------------------------------------------------------------------------------------- ---------------------------------------------------- ------------- ---- ----

Summary {#S0007}
=======

The first 2 years after surgery and adjuvant treatment are the decisive period for the patient with a diagnosis of soft tissue sarcoma \[[@CIT0114]\]. Eighty percent of lung metastases and 70% of local recurrences are recorded at that time. Five-year survival ranges widely from 35% to 75%, and the histological grade of malignancy and tumor size are of the most important prognostic significance \[[@CIT0115]\]. The classification of the American Joint Committee on Cancer (AJCC) is commonly used in order to assess the sarcoma\'s clinical stage.

So far no grading scale for cardiac sarcomas or TNM system adapted to the needs of cardiac surgery has been created \[[@CIT0116]\]. Cardiac sarcomas continue to have an unfavorable prognosis \[[@CIT0117]\]. Among publications, there is little literature identifying prognostic factors for cardiac sarcomas. According to all independent researchers, radical excision determines the formation of local tumor recurrence and survival \[[@CIT0055], [@CIT0067], [@CIT0094], [@CIT0116], [@CIT0118]\]. Gustafson\'s analysis also shows that the share of prognostic factors varies for each line of sarcomas \[[@CIT0044]\]. Truong *et al*. reported that for the cardiac sarcomas only the presence of metastases at diagnosis and radical treatment are significant. Chemotherapy and radiotherapy, or other parameters such as age, sex, the degree of malignancy and histological subtype or location of the tumor, had no clinical impact \[[@CIT0119]\] ([Table II](#T0002){ref-type="table"}). In turn, Zhang *et al*. observed the influence of the tumor differentiation degree on the prognosis in cardiac sarcomas \[[@CIT0120]\]. In the cardiovascular system sarcomas develop considerably less rarely within the large vessels, re-occupying the heart cavities by infiltration. The majority of cardiac sarcomas are located in the right heart; only leiomyosarcoma shows a predilection for the left atrium \[[@CIT0042], [@CIT0049]\]. Although there are plenty of reports of left-sided other types of sarcomas, most researchers attribute benign tumors to this site \[[@CIT0042], [@CIT0049]\]. Also, other data suggest sarcoma\'s preference for the left heart \[[@CIT0041], [@CIT0120]\]. The sarcoma of the left atrium rarely occupies the area of the fossa ovalis, which is an important difference from myxomas \[[@CIT0006]\]. The majority of them are pleomorphic sarcomas with foci of dedifferentiation into other lines \[[@CIT0121]\]. Other authors suggest that left atrium sarcomas have a more favorable prognosis \[[@CIT0122], [@CIT0123]\]. Typically, in cardiac sarcoma the following common phenomena are observed: impaired outflow or blood inflow to the heart chambers, valvular dysfunction, arrhythmias, heart failure, low output syndrome, embolic incidents, pericardial effusion, systemic inflammatory response, and non-specific general symptoms, including syncope. In fact, sarcoma location and clinical presentation are unpredictable. This is best illustrated by a case of malignant transformation of cardiac myxoma into MFH described by Kasugai *et al*. \[[@CIT0124]\]. The increase in inflammatory markers is associated with production of cytokines and release of their free receptors by sarcoma cells \[[@CIT0072]\]. This also alters the blood morphological picture. Furthermore, the blood composition is modified by mechanical hemolysis due to abnormal blood flow caused by the intracardiac tumor mass \[[@CIT0077]\]. Metastases and local recurrences are typically low-differentiated sarcomas, with a high mitotic index and large cellular atypia. Histological presentation of the recurrence mostly resembles the original appearance of the tumor tissue, although one may see both the gradual reduction of differentiation of tumor cells and their dedifferentiation. It is also possible for low-differentiated sarcoma to diversify into a more parent-like tissue, from which it originated \[[@CIT0049]\]. For further diagnosis of the patient it is therefore important that the pathologist may have an insight into the previous, microscopic tissue material. In addition, along with tumor progression molecular defects accumulate \[[@CIT0035]\]. The histopathological study protocol proposed by Hammond is a good way to enhance cooperation between the cardiac surgeon, pathomorphologist and oncologist \[[@CIT0125]\]. Any case of cardiac myxoma doubtful as to the status of its malignancy should be supplemented with intraoperative microscopic examination and possible widening of margins of healthy tissue around the resected lesions. The adaptation of endoscopic methods for the removal of benign tumors of the heart with prior histopathological diagnosis by biopsy under CT or ultrasound control brings a number of benefits. However, the use of such treatment in the case of sarcomas may be questionable, due to the radicalness of resection and size of tumors. In addition, it is important to perform direct intraoperative assessment of cardiac structures and verification of the findings derived by the preoperative imaging. On the other hand, according to De Geest *et al*. \[[@CIT0088]\], such access limits manipulations of the tumor and increases the risk of an embolism. In the case of gastrointestinal sarcomas, laparoscopic methods do not apply as they are related to a very high risk of intraoperative damage to the tumor and "implantation" in the surrounding structures. According to the authors of the article, application of endoscopic methods in selected cases of cardiac sarcoma operations, which aim to reduce the "mass effect of the tumor", seems to be reasonable -- primarily because these operations affect the patient\'s condition less and total resection is usually not possible. In view of the presented data, the term "clinical masks of sarcoma" seems to be appropriate. Correct and prompt diagnosis of malignant tumors of the heart is extremely important. Unfortunately, there is still a significant rate of false diagnoses and inappropriate therapy being conducted \[[@CIT0012], [@CIT0019], [@CIT0126]\]. This clearly indicates the need to broaden diagnostics with transoesophageal echocardiography in each cardiological and cardiosurgical case that remains even slightly ambiguous \[[@CIT0014]\]. Magnetic resonance or computed tomography even allows for targeting of the final diagnosis. The rarity, difficulty in determining the pathomorphological nature and location of the primary lesion, and continuing refinement of diagnostic methods result in a misstatement of the statistical analysis of heart sarcomas. These facts are probably the primary cause of the controversies in the literature. A turning point in the treatment of cardiac sarcomas is still expected. The elementary barrier is the physiological and cytological specificity of cardiomyocytes. Although early diagnosis with immediately carried out radical surgery is one of the conditions to achieve a total cure, it seems that a new strategy in the neoadjuvant or adjuvant therapy is needed. Implementation of targeted therapy carries great hopes. For this, however, extended molecular analysis of each new case of sarcoma of the heart should be conducted. Multidisciplinary centers obtain the best possible results of soft tissue sarcoma treatment \[[@CIT0115]\]. Cooperation at all levels between the cardiac surgeon, cardiologist, and an oncologist in a single clinical center would create incomparably greater possibilities, while reducing the execution time of individual therapeutic procedures.

###### 

Correlation of the extent of the resection with the risk of local recurrence

  Excision type                                                          Predicted frequency of local recurrence
  ---------------------------------------------------------------------- -----------------------------------------
  Operation with an intraneoplastic margin                               100%
  Operation within the margins (tumor\'s enucleation with a pseudosac)   70--90%
  Operation with a wide margin                                           G1 -- 20--30%
                                                                         G2, G3 -- 50%
  Operation with excision of the muscular compartment                    5%
